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Abstract: This paper describes the results of a research project undertaken under a research 
contract with the company DERSA, entitled “Development of a blade anti-icing system for 
conventional wind turbine models applicable to operational installations”. The goal of the 
project was developing and analyzing a system which must prevent the build-up of ice on 
the outer surface of buildings and must be able to melt it under extreme conditions. The 
idea is to apply the system to existing wind turbines, so the project starts with numerous 
conditioning factors and limitations. The chosen system operation has been analyzed using 
the ANSYS computer application. 
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1. INTRODUCTION 
 
The purpose of the project was analyzing a heating system to prevent the build-up of ice on the outer surface of 
wind turbine blades (WTB) and if so put the anti-icing system designed into practice. The system must prevent 
ice from building up on the surface and must be able to melt it in extreme conditions. 
 
The goal is to implement this system on a prototype in the Escurrillo  wind farm,  owned by Desarrollo de 
Energías Renovables de La Rioja, SA. This wind farm (WF) has a total output of 49.5 MW from 33 wind 
turbines (WT), each of 1500 kW. The farm is located on the east of the Sierra de la Hez Mountains, around 1,125 
m over the sea level, in the province of La Rioja - Spain. This application is carried out within the framework of 
a research project at the University of La Rioja in collaboration with the wind farm maintenance company 
Desarrollo de Energías Renovables de La Rioja, SA. 
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Public data from the La Rioja regional government [1] can be used to analyze the averages data collected by the 
weather station in Ocón, La Rioja. Icy days in this area are concentrated in the winter months. The average 
minimum temperatures during these months are not excessively low, meaning that the icing events recorded 
generally occur with temperatures near 0 ﾺC, i.e. relatively mild icing temperatures [2-4]. 
 
Given  the  scarce  amount  and  low  quality  of  publically  available  records  for  wind  at  the  location  of  WT, 
(temperature, icing, etc.) and the fact that the wind in Spain is often a local phenomenon, the only way to learn 
the wind potential and the specific properties of the site is by taking measurements. 
 
 
2. BACKGROUND 
 
2.1. Problem of blade-icing 
There are several effects of ice accretion in Wind Turbines. As O. Parent resumes and Figure 1 shows, there are 
at least six effects associated with ice forming that has to be considered [5-8]. 
 
 
Fig. 1. Problems due to ice accretion on wind turbine blades. 
 
Figure 2 shows an example of the loss of output caused by blade icing. The real power value is that given by the 
wind turbine’s own metering system. The datum for the theoretical output is calculated from the relevant wind 
data taken from the weather tower. 
 
 
Fig. 2. Loss of output caused by blade icing. 
 
As can be seen, the build-up of ice during the early hours of a winter day implies a progressive loss of output that 
finally brings the wind turbine to a stop that can means up to 50 % losses on annual energy production in certain 
locations [9, 10]. The estimated total annual loss by the Company that operates the WF was 2.64 %.  
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2.2. System conditioning factors and limitations 
The company that owns the wind turbine, GE Wind Energy, imposes a series of requirements or conditioning 
factors that must be considered by the time of designing the system:  
-  No  bending,  alteration  or  any  operation  causing  a  loss  of  material  from  the  wind  turbine  blade  is 
allowed. 
-  The profile must not be perforated, so special care is needed in choosing fixing systems and adhesives, 
resins or other anchoring that did not damage the structure. 
-  Installation  and  maintenance  must  be  made  as  easy  and  simple  as  possible.  Maintenance  is  of 
primordial importance since it is time-consuming, and time is money. 
-  Little information was available on the properties and the dimensions of the NACA fx 77/79, blade type 
LM 37.3 P profile. 
-  The NACA (National Advisory Committee for Aeronautics) blade profile just provides us external 
measures of several sections and the blade is hollow, so the thickness of the blade must to be measured. 
 
All these questions that arose when undertaking the project have been treated in different ways and with different 
measures, always with the intention of giving the project greater substance and precision. 
 
2.3. Blade properties 
The blades are made of glass fiber, which has replaced carbon fiber in recent years in the wind turbine industry 
[11]. Glass fiber is a fibrous material obtained by pouring molten glass through a die with very small holes when 
it solidifies; it is sufficiently flexible to be used as a fiber.  
 
Its main properties are its good heat insulation, its resistance to acids and its tolerance for high temperatures. 
These properties and the low price of its raw materials have made it popular in many industrial applications. The 
material’s properties allow it to be molded with minimal resources. 
 
 
3. PRIOR ACTIONS 
 
The  Escurrillo  wind  farm  was  visited  to  solve  the  problem  of  not  knowing  the  blades’  dimensions. 
Measurements were taken to complete the geometry of the profile, taking advantage of blades stockpiled by the 
company. Conventional Ultrasound equipment was used at the beginning to measure the thickness of the blades 
along the sections of the profile. 
 
The measurements contain errors, because that the blade is made of glass fiber, which is an anisotropic material.  
This means that ultrasound propagates heterogeneously and the apparatus may recognize false back-wall echoes 
where there are certainly fibers. 
 
The problem was solved by means of a specific Ultrasonic  Equipment [12], calibrating the machine with a 
known section coming out of a broken blade. After several measurements we can say outcomes were very 
reasonable.  
 
 
4. ASSESSMENT OF OPTIONS 
 
There are currently various systems that treat the problem of the ice accretion on blade surfaces [13-18] therefore 
we focused on studying two systems which it might be efficient and, more specifically, a mixed system using 
both of them. Internal heating elements and a blow air system. 
 
4.1. System using internal heating elements 
This  system  consists  of  a  set  of  heaters  elements,  [19]  installed  by  means  of  electrically  resistant  epoxy 
adhesives [20] along the interior of the profile parallel to the blade’s leading edge creating an electrical mesh 
(Figure 3). 
 
The heat generated is transmitted by conduction through the blade’s thickness to the outer surface. The system is 
started up when the temperature is near to 0 ﾺC and there is high environmental humidity. 
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Advantages: 
-  The system does not require the wind turbine to be stopped, so a control system can be implemented 
that activates it before icing occurs with no need to stop the unit. It is easy to install, maintain and 
control. It gives optimal results in sections near the hub where the wind speed is low. 
-  The elements selected are energy efficient and the nacelle has capability to energize them. They just 
consume a 2.5 % of the Energy produced for the turbine. 
 
Disadvantages [21]: 
-  We were able to appreciate the actual geometry of the blades on our visit to the wind farm. The blade is 
reinforced with two ribs which stiffen the profile but make it impossible to work inside easily.  
 
 
Fig. 3. Blade interior section. 
 
-  The profile narrows progressively until it is impossible to continue any further. There is also a physical 
separation at approximately 22 m which prevents access to the last section of the blade, which is the 
most problematic part because of its distance from the hub. 
-  There is only one low-power connection in the hub, which would not be sufficient to power all the 
elements in the complete profile. 
-  Both the heating elements, and the adhesives used to join the heating elements to the blade, have usage 
limitations. Using  special high-temperature  heating elements and adhesives, temperatures of almost 
200 °C can be reached, but we could not exceed this temperature.  
 
4.2. Blown air system 
This system consists of a fan installed at the beginning of the blade, still in the nacelle, that blows hot air inside 
the profile, heating the inner section and transmitting this heat by convection and then conduction to the blade’s 
outer surface. The system is started up when the temperature is near to 0 ﾺC and there is high environmental 
humidity. 
 
Advantages: 
-  The system does not require the wind turbine to be stopped, so a control system can be implemented 
that activates it before icing occurs with no need to stop the unit. 
-  The system reaches the ends of the blade. 
-  Residual hot air generated by the elements in the nacelle can be recovered to increase the system’s 
efficiency and reduce consumption in the cooling system.  
 
Disadvantages: 
-  The energy required to heat enough air to warm up the entire blade to a suitable temperature and to 
blow  it  hard  enough  to  obtain  an  efficient  convection  coefficient  is  huge.  Convection  is  the  least 
efficient means of transmission. 
-  In operation, the blade generates relative inertias and speeds that reduce the pressure in the loading 
edge.  
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4.3. Hybrid system chosen (air plus internal elements) 
This system is a mixed option that uses heated air inside and internal elements.  
 
A helical fan extracts air from inside the nacelle. This air is at a higher than ambient temperature due to the heat 
given off by the equipment inside. The use of this energy increases efficiency and saves money. A set of axial 
fans drive the air through the inside of the profile.  
 
As it advances through the profile it is heated by the heat generated by the elements. It reaches even the furthest 
part of the profile, where it is impossible to install elements. The elements generate heat in all directions so the 
air is heated considerably – using this heat increases the energy efficiency. 
 
The elements are the real heat sources. They give off heat energy at temperatures of almost 200 °C. This heat is 
distributed  on  a  highly  conductive  metal  sheet  which  transmits  it  to  the  inner  surface  of  the  profile 
homogeneously.  Distributing  this  heat  increases  the  area  affected  by  the  elements  and  prevents  localized 
overheating in the areas in contact with the elements, which could degrade the blade’s internal coating. 
 
To achieve a constant temperature a network of elements is arranged according to requirements, increasing in 
number as the distance from the hub increases. The elements run longitudinally along the blade and are joined to 
increase the network as the calculated needs increase. 
 
Heat transmission is by conduction (elements) and convection (hot air). In the second half of the blade, heat 
transmission is purely convective since it is impossible to install elements there. 
 
The system is started up when the temperature is near to 0 ﾺC and there is high environmental humidity. The 
system  is  regulated  by  thermostats  connected  to  the  internal  metal  sheet  to  maintain  a  suitable  range  of 
temperatures.  
 
The controller switches the power to the elements on or off and regulates the supply conditions. It also switches 
the fans on and off. Nevertheless, it operates continuously while the system is active. 
 
The control system must have sensors to provide continuous information on the elements which are functioning 
and on their working conditions, along with an alarm system for when the anti-icing system malfunctions. 
 
Advantages: 
-  The system saves hours of operation of the wind turbine’s cooling system. 
-  The heat generated by the various items of equipment inside the gondola is used instead of being wasted 
as is usually the case. 
-  The system does not require the wind turbine to be stopped, so a control system can be implemented 
that activates it before icing occurs with no need to stop the unit. 
-  The partial installation of the elements (just half blade) allows us to use the remaining power in the 
fans. 
-  The system reaches all the way to the ends of the blade. All that is needed is to make small holes in the 
physical wall inside the blade so that the air reaches the end of the profile. 
-  The volume of air needed is small since it is only needed in the smallest section of the profile. 
-  Vacuum pressure generated at the end of the blade, due to a hole in its tip, favors the circulation of the 
air in this direction so that it reaches the end. 
-  Easy installation, maintenance and control of the system. 
-  The good results obtained in the sections near the hub, where the air speed meeting the leading edge of 
the blade is lower, have a very positive effect which is increased by the inertia of the blade’s movement, 
favoring de-icing in areas near the tip. 
-  The problem is solved from within by heating the inside of the blade regardless of external agents.  
 
Disadvantages: 
-  Heat continues to be transmitted to the end of the blade by convection, the least efficient of all the ways 
of transmitting heat. 
-  In operation, the blade generates relative inertias and speeds that reduce the system's performance in the 
area furthest away, where air is the heat transfer medium. 
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5. SIMULATION 
 
Finite element analysis is conducted to determine the best possible response of a system modelled with finite 
elements and subjected to given loads. When implementing a finite elements model, a trade-off must be made 
between accuracy and efficiency of computation. In some cases, the use of a complex, highly refined model is 
not justified as the increased processing time is not matched by a corresponding increase in accuracy. The type 
and complexity of the model depend on the type of results required. 
 
The ANSYS program was chosen for the simulation, due to its ease of access and its great calculation versatility, 
which allow us to work at the detail required [22-25]. 
 
The element used in the simulation were the Thermal mass Solid Quad 4node 55. It’s a quadrangular element 
with 4 nodes and Temperature as unique degree of liberty. It was defined as a function of the nature of the 
process, considering that our objective was to analyze how heat is transmitted through the surface [26-29]. 
 
The types of material and geometry model were entered. The blade was modelled by joining a cloud of points 
imported from AutoCAD LTﾮ via segments. 
 
The imported AutoCAD file contained the coordinates of each point forming the internal and external contours 
of the profile being studied (Figure 4). These nodes gave rise to the key points with which we then worked. 
 
In this same modelling phase, the key points were joined to create the area representing the profile’s contour. 
Once the contour of the section generated had been obtained, the lattice was created and the contour conditions, 
(the thermal loads that affect the model) were applied. As far as Convection transfer coefficient, it has been 
calculated keeping in mind: the losses due to the rotation movement and the losses due to the air speed over the 
exterior of the blade. Thus, a resultant over 220 km/h is applied to get this coefficient at worst conditions. 
 
Fig. 4. Picture of NACA profile. 
 
Because this is a hybrid system, the model was analyzed in two parts. In the first part, an area near the hub was 
simulated, that is, the area heated by elements inside the profile. This showed how heat was transmitted through 
the  blade’s  thickness  to  the  outer  surface  where  it  met  the  air.  This  first  part  comprised  six  sections 
corresponding to the six sections given in the NACA profile. 
 
Figure 5 shows the temperature diagram for a standard section. It can be seen perfectly that the result is positive, 
giving temperatures above freezing point in the blade’s exterior. 
In the second part, we analyzed the behavior of the heated air inside the profile in the second half of the blade. 
There are no heating elements in the second half so the air is the only means of heating the profile. This analysis 
allowed us to check whether the heat supplied was sufficient to melt the external ice build-up on the blade at 
worst conditions. 
 
Figure 6 shows the diagrams for the second part of the blade with no heating elements. The temperature field 
shown, and the closer view of the central section, reveal that the area at less than 0 ﾺC throughout the thickness 
of the profile is very small but we can’t assure that this was enough for ice not to form and stick to the blade's 
leading edge. 
 
The heat transfer coefficients and contour conditions used were obtained in different ways. The client provided 
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Fig. 5. First part of the blade: temperature field in a standard section. 
 
 
 
Fig. 6. Second part of the blade: temperatures field and details of temperatures in the central axis. 
 
 
6. CONCLUSIONS 
 
Having seen the outcome of the simulation, this system of heating elements is successful in the first section of 
the blade but insufficient in the second section. 
Using the calculations made with ANSYS, we prove that in the first area of the profile (six profile sections), 
where the elements are located, the result is very positive, with temperatures above freezing in the leading edge. 
Thus achieving the objective proposed at the start of the project in this particular area where the network of 
heating elements can be installed. 
 
There are no heat sources – elements to keep the air temperature constant – in the second section of the profile, 
so the air cools as it moves through the profile, reducing its effectiveness against icing. 
 
It can be seen that the profile layer in the leading edge of the extreme of the blade at a temperature of below 0 ﾺC 
is small. However we can’t assure this was enough to prevent ice from forming and building up, keeping in mind 
this is the part of the blade where the icing is most severe and important for operation. 
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It might help the fact that, once the boundary layer has been broken on most of the blade in the areas nearest the 
hub (about 85 % of the blade) with the heat generated inside, the vibration could come off the ice from the rest of 
the blade helped for the inertia of the rotary movement. 
 
As conclusion we state this system may be used as preventive, however there are not guaranties enough to assure 
the melt of the ice once it has been formed and therefore the success as corrective. 
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